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While the laws which govern the cementation up to such considerable
depths are the same as hold for shallower cementations, their practical
application must, however, be carried out with special precautions in the
case with which we are now dealing, owing to the large masses of the sub-
stances which take part in the operation, and require-special apparatus and
arrangements. These technical details constitute, as a whole, special
processes concerning which the manufacturers desire to keep the greatest
secrecy, and although I have had occasion to deal with them personally in
various establishments, I think it my duty not to publish anything which
may have any real practical value. Not wishing, on the other hand, to
summarize here the data of no practical value already published by others
in various journals, I think it desirable not to develop this purely technical
subject at all, but again insist on the fact that, as far as regards the laws
which govern the course of the cementation, the considerations which are
developed in the first part of this volume hold completely even for these
cementations extended to great depths.

We must repeat the same observations as regards the technical applica-
tions of "metallic cementation."

We have already referred briefly in the preceding chapters to the results
of some scientific investigations on the diffusion of elements other than
carbon into solid steel.1 Later we shall refer also to some patents which
claim processes of this kind. I may add here that in the last few years there
have been obtained interesting practical results (already protected by patents

1 Among others, the works of Boussingault on the diffusion of sulphur (see p. 23);
those of Arnold and MacWilliam on the diffusion of various elements (see p. 35); those of
Campbell .... and several others. The question of the diffusion of sulphur into solid
steel has again recently been taken under examination by Grayson (see The Journ. of the
Iron and Steel Institute, 1910, Vol. I, pp. 287-303). As to the addition of sulphur com-
pounds to the carburizing substances for the purpose of increasing the velocity of penetra-
tion of the carbon, it is well to recall the correct observations made by Le Chatelier (see
the abstract of the Revue de Mtlallurgie, 1905, p. 120) hi connection with a patent of the
"Feuerfeste Industrie Gesellschaft" of Dusseldorf, claiming the use of a cement formed of a
mixture of carborundum and sodium sulphate. Le Chatelier observes that the fact, proved
with certainty, that iron sulphide penetrates with great ease through all the spaces between
crystals of ferrite makes it not improbable that the sulphur added to the carburizing
mixtures may serve as "vehicle" for the carbon which diffuses into the iron. Account
must be taken in practice, however, of the very harmful effects which the presence of sul-
phur exercises on the qualities of iron.

Considering the phenomena of the diffusion of the various elements into steel from a
general point of view, and taking into account, by analogy, the facts observed in the diffu-
sion of carbon, it may be considered that these phenomena must be due either to the inter-
vention of gaseous compounds or to the formation of solid solutions of the elements which
diffuse (or of their compounds, such as the carbides) in the iron. The formation of the solid
solutions of the metallic carbides in the iron must be considered as the most important
factor hi the diffusion of the metals into the solid iron in the processes of "metallic cementa-
tion" proper.